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COMPUTER PREDICTIONS OF PHOTOCHEMICAL OXIDANT LEVELS 
FOR INITIAL PRECURSOR CONCENTRATIONS CHARACTERISTIC 
OF SOUTHEASTERN VIRGINIA 
N. T. Wakelyn and Allen G. McLaln 
Langley Research Center 
SUMMARY 
A computer study has been performed with a photochemical box model, 
uSlng a contemporary chemical mechanism and procedure, and a range of inltlal 
lnput pollutant concentratl0ns thought to encompass those characteristlc of 
the Southeastern Vlrglnla regl0n before a photochemlcal oxidant eplsode. The 
model predlctl0ns are conslstent wlth the expectatlon of hlgh summer after-
noon ozone levels when lnitial nonmethane hydrocarbon (NMHC) levels are In 
the range 0.30- 0.40ppmC and NOx levels are In the range 0.02 - 0.05 ppm. 
Calculatl0ns made with a Lagranglan model, for one of the prevlously calcu-
lated cases, WhlCh had produced intermedlate afternoon ozone levels, suggest 
that urban source addltl0ns of NMHC and NOx exacerbate the photochemlcal 
oXldant condltl0n. 
INTRODUCTION 
The Southeastern Vlrglnla regl0n regularly experiences hlgh photochemical 
oXldant concentratlons (refs. 1 and 2) durlng the summer months. ThlS 
condltlon lS characterlzed by a general southwesterly flow of alr lnto the 
reglon and brlght "blue sky" days occurrlng In conjunctl0n wlth a hlgho-
pressure cell. The constancy of summer weather presents an opportunity for 
the test of alrborne and satelllte lnstrumentatlon In a large and predlctable 
area contalnlng rural, urban, and water reglons. The Southeastern Virglnla 
Urban Plume Study of the summer of 1977 (ref. 3) was instituted to utl1lze the 
area as a test bed for remote sensors currently under development by the NASA 
and ltS contractors. A varlety of ozone levels are measurable In the reglon 
from early mornlng levels as low as about 0.030 ppm to late afternoon levels 
whlch can reach, from tlme-to-tlme, almost 0.200 ppm (refs. 2 and 3). 
In order to fully utillze the potentlal of the data from such a study, 
photochemlcal models of the regl0n must be employed to test the reasonableness 
and conslstency of the various lnputs to the data base. As a beginnlng effort 
In the development and test of a photochemlcal model, a flnlte rate chemlcal 
k1net1cs package was mod1f1ed to vary the rate coeff1C1ents of the un1molec-
ular photolyt1C decompos1tlons In a d1urnal manner. The package 1S capable of 
handllng unlmolecular, b1molecular, and termolecular chem1stry and lS provlded 
w1th a stlff ordlnary d1fferentlal equat10n solver (ref. 4). PrOV1Sl0n for 
tlme-varYlng source lnputs of pollutant speCles, mlxed-layer rlse dl1utl0n, 
and restart and off-llne plottlng capablllty was also wrltten lnto the 
computer code. 
A computer exerc1se was performed using a contemporary, chamber-ver1f1ed 
chem1cal mechan1sm (refs. 5 and 6), a box-type model slm1lar to that 
descr1bed 1n reference 7, and a test procedure (ref. 8) of mer1t. Input for 
the exerC1se spanned that range of common pollutant species concentrat1ons 
generally thought to be character1stic of the Southeastern V1rg1nia area 
dur1ng the morn1ng preced1ng an afternoon photochem1cal oxidant 1ncident. 
Prel1m1nary calculat10ns were also made with a Lagrangian (mov1ng a1r parcel, 
ref. 8) model to determ1ne the effect of a range of cons1stent source 1nputs 
on oX1dant levels for the reg1on. The purpose was to test the compat1b1l1ty 
of the mechan1sm, model, and procedure and to obta1n pred1ct1ons and trends 
Wh1Ch could be compared to data obta1ned from future f1eld exper1ments. A 
fam1ly of curves was generated of pred1cted ozone levels as a funct10n of 
1n1tial NOx and nonmethane hydrocarbon (~lliC) 1nput as well as source (t1me 
varY1ng) 1nputs of these substances, with d1urnal var1at1on of the photolytic 
rates. The present paper is concerned w1th the results of these calculat1ons. 
THE CHEMICAL MECHANISM 
The chem1cal k1netic mechan1sm used 1n th1S computer slmulat10n cons1sts 
of photochem1cal decompos1tions, inorgan1c rearrangements, organ1c oX1dat1on 
react10ns (w1th "lump1ng" of organics 1nto paraff1ns and 01ef1ns), and 
react10ns descr1bing the rearrangements of oX1d1zed organ1cs. A rather 
complete sens1t1v1ty analys1s 1S presented 1n reference 6. The follow1ng 
un1molecular photochem1cal decompos1t1ons, w1th the rate coeff1C1ents 
calculated by the method of reference 9 and var1ed every 5 m1nutes over the 
course of the slmulat1on, were used: 
1. N02 -+ NO + ° 
2. HN02 -+ OH + NO 
3. HN03 -+ N02 + OH 
4. H202 -+ OH + OH 
5. RCHO -+ stable products 
6. RCHO -+ 1/2 R02 + 3/2 H02 
. -1 k,* m1n 
2.036E-l 
1.182E-2 
2.233E-6 
4.520E-4 
1. 594E-3 
1. 594E-3 
*0800l. u.t. (local dayl1ght time), Hampton, V1rg1n1a, latitude 36.85 
Longltude 76.35, August 4, 1977, "blue sky." 
The photolyt1C rate coeff1c1ents and the1r d1urnal var1at1on over a 10-hour 
per10d are shown 1n f1gure 1. 
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The lnorganlc rearrangements (from ref. 6) used are as follows: 
k, ppm -x -1 (x mln = 
7. o + (02 ) -+ 03 3.30E+6 
S. 03 
+ NO -+ N02 + 0 2 2.10E+l 
9. 
°3 + N02 -+ NO + 3 O2 
4.60E-2 
10. N03 + NO 
-+ 2 NO 2 1. 50E+4 
11. N02 + N03 + (H2O) -+ 2 HN03 4.50E+0 
12. 
° 
+ NO -+ N02 2.50E+3 
13. 
° 
+ N02 -+ NO + °2 1. 40E+4 
14. 
° 
+ N02 -+ NO 3 3.00E+3 
15. NO + N02 + (H2O) -+ 2 HN02 1.50E-2 
16. 2 HN02 -+ NO + N02 + H2O 1.10E+0 
17. OH + N02 -+ HN03 6.00E+3 
IS. OH + NO -+ HN02 4.S0E+3 
19. H02 + NO -+ OH + N02 7.00E+2 
The oXldatlon of hydrocarbons to produce aldehydes and alkyl and acyl 
peroxlde radlcals lS descrlbed by the followlng reaction set for oleflns 
(ref. 6) 
20. OLEF + OH -+ RCHO + R02 
21. OLEF + ° -+ R02 + 1/2 h02 + 1/2 
22. OLEF + 03 -+ RCHO + RC03 + OH 
and, for parafflns (ref. 5) . 
23. PARA + OH -+ R02 + H2O 
24. PARA + ° -+ R02 + OH 
RC0 3 
-1 -1 k, ppm mln 
2.50E+4 
6.S0E+3 
1.60E-2 
3.S0E+3 
6.50E+l 
0,1 ) 
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The hydrocarbon mechan1sm was descr1bed by the referenced workers as smog 
chamber ver1f1ed and spec1al1zed for automob1le exhaust. As one would 
expect, the rate coeff1c1ents for react10ns lnvolvlng oleflns are greater 
than those lnvolvlng parafflns (olef1ns > parafflns) and OR > ° > 03' 
The rearrangement of oX1d1zed organ1Cs to produce, 1n part, PAN and 
alkyl n1tr1te and n1trate lS descr1bed by the follow1ng set (ref. 6) 
-x -1 ) k, ppm mln (x = 0,1 
25. RCRO + OR -+ 1/2 RC0 3 + 1/2 R02 2.30E+4 
26. R02 + NO -+ RO + N02 3.00E+3 
27. RC0 3 + NO -+ R02 + N02 
1.50E+3 
28. RC0 3 + N02 -+ PAN 
5.00E+2 
29. RO + (02) -+ RCRO + R02 5.00E+3 
30. RO + N02 -+ RON02 4.90E+2 
3l. RO + NO -+ RONO 2.50E+2 
32. 2 R02 -+ R202 + °2 5.30E+3 
33. R02 + R02 -+ RO + OR + ° 2 1.00E+2 
34. 2 R02 -+ 2 RO + 
°2 1.00E+2 
MODELS AND TEST PROCEDURE 
There are tropospherlc models 1n current use or under development of 
varylng complexlty in thelr descrlptlon of atmospherlc dlffuslon and 
chemlstry. For example, see reference 10. In the event of lnadequate 
meteorologlcal data (a common occurrence) or for the purpose of emphaslzlng 
the chemlstry part of the problem wlth a Nlnlmum of mathematlcal dlfflculty, 
a box (ref. 7), multl-box (ref. 11), or travel1ng alr parcel (ref. 8) model 
can be used as the modellng tool. Slnce the purpose of the current computer 
study lS to test the compat1b1l1ty of a contemporary chem1cal scheme and 
test procedure wlth a range of 1n1t1al 1nput data for a reg10n of 1nterest, 
and to f1nd trends Wh1Ch could help plan and 1nterpret future data gatherlng 
studles, the box concept was used for the bulk of the work w1th some 
calculat10ns performed w1th a travel1ng a1r parcel model. 
The procedure used 1n the computer slmulat1on, essent1ally that of 
reference 8, lS as follows 
a. Nonmethane hydrocarbons were taken to be a m1X of olef1n (propylene) 
and paraff1n (n-butane) 1n such proport1on as to slmulate the react1v1ty of 
automob1le em1SS1ons 25 percent propylene (ppmC) + 75 percent n-butane 
(ppmC) . 
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b. Aldehydes were assumed to be 5 percent of the 1nit1al NMHC levels 
(In ppmC). 
c. All computer slmulat10ns were 10 hours long, beginn1ng at 0800 l.d.t. 
d. Photolyt1c rate coeff1C1ents were var1ed every 5 minutes 1n accordance 
w1th d1urnal var1at1on in Sunl1ght from 0800 - 18001.d.t. Mixed-layer dilutions 
method of reference 9 (see f1g. 1). 
e. 
per hour 
for S.E. 
An atmospheric d1lut1on rate, due to m1xed layer r1se, of 3 percent 
was assumed for the per10d 0800 - 1500 l.d.t. M1xed-layer d1lutions 
V1rg1n1a are generally substant1ally greater than th1S. 
f. Follow1ng the suggest10n of reference 12. 
In1tial NO 
x { 
N02 : 0.25 NOx 
NO 0.75 NO 
x 
Calculat10ns were also performed w1thout atmospher1c d1lut1on and w1th a 
d1fferent rat10 of N02 and NO for NOx 1n order to 111ustrate the magn1tude 
of these effects. (See &ppend1ces A and B.) 
Photochem1cal Box Model 
The photochem1cally react1ng volume under cons1derat1on 1n the box model 
1S conce1ved as be1ng rectangular 1n form, length not necessar1ly equal to 
w1dth, and w1th a vary1ng he1ght to account for m1xed layer r1se. Slnce no 
prov1s1on for ground scaveng1ng of ozone 1S prov1ded 1n the present form of 
the model, the bottom of the box 1S at a pos1t1on some 10 meters above ground 
level. The box 1S or1ented such that the front face 1S normal to the w1nd 
d1rect1on, the 1n1t1al concentrat1on of pollutants and precursors at the 
front face 1S character1st1c of the box as a whole, and any calculated 
concentrat1on changes are homogeneously appl1ed over the ent1re box. 
Photochem1stry 1S calculated by march1ng forward 1n t1me from 0800 l.d.t. while 
chang1ng the photolyt1c rate coeff1c1ents and outputting results every 5 
m1nutes. 
The box model used 1n th1s study does not cons1der sources w1th1n the 
modeled reg10n and thus, by 1mpl1cat1on, only appl1es to over water and rural 
areas north of Norfolk. The travel1ng a1r-parcel model to be descr1bed later 
does not suffer from th1S lnadequacy. ASlde from the fact that current 
knowledge of local sources of NO x and NMHC 1S less than sat1sfactory, there 
1S need to know what ozone levels can result from the 1n1t1al 1nput alone. 
Th1S basel1ne value of what levels of oX1dant are to be expected after several 
hours of photochemlcal react1on, 1rrespect1ve of local precursor contr1but1on, 
1S the concern of the maJor port1on of th1S study. 
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Travellng Alr Parcel '-1odel 
To determlne the effect of source loadlngs on eventual ozone levels, 
several calculatlons were performed wlth what, In essence, IS a Lagranglan 
(travellng alr parcel) model. The same procedure and photochemlcal 
mechanls~ was used for both the present model and the prevlously dlscussed 
photocheMlcal box model. A parcel of alr, wlth Inltlal NO x and NHHC 
concentratlons of one of the Intermedlate (In ozone generatlon) cases 
prevlously calculated wlth the photochemlcal box model, enters the Norfolk 
area from the southwest, IS In the Horfolk area and subJect to source 
addl tlons of NO x and NtvlHC for a 2-hour penod (0800 - 1000 1.' d. t. ), and then 
passes out over the water where sources are "turned off" and where It 
pnotocheMlcally ages for the rest of the slmulatlon. The 2-hour perlod 
IS conslstent wlth the urban area Slze and prevalllng wlndspeed. 
Proportlonate source contrlbutlons, wlth Instant homogenelty assUl'led, were 
made every 5 mlnutes of the Lagranglan sl~ulatlon. In keeplng WIth the 
suggestlon of reference 7, the followlng ratlo IS used for prlmary 
ernSSlons of oXldes of nl trogen: no2 /no = 0.10 and nO/NO = 0.90. x x 
RESULTS A~m DISCUSSION 
Photochemlcal Box 1I0del 
The range of pollutant specles concentratlons thought to be 
cnaracterlstlc of the Southeastern Vlrglnla reglon on a sUl'lffier's !'lOrnlng 
before an afternoon photochemlcal oXldant IncIdent IS deplcted In table I. 
A m1HC HOx ratlo of from 5 to 20 IS consldered characterlstlc of an urban 
area (ref. 12). 
~ NO 0.10 0.20 0.30 0 40 x 
0.050 2.0 4.0 6.0 8 0 
0.040 2.5 5.0 7.5 10.0 
0.030 3.3 6.7 10.0 13.3 
0.020 5.0 10.0 15.0 20 0 
Table 1.- Range of Inltlal ;r:mc (ppmC) and IJOx (pprl) 
Jpvels used In sl:nulatlon and theIr 
assoClated Wj{C . IJOx ratlos 
C071puter slFulatlons VTere ~ade for the 16 COIY_blnatlons of IJOx and 
nonrr:ethane nydrocarbons, as Inltlal condltlons, wlth IlOx varylng froI'l 
0.020 - 0.050 pp~ and mmc varylng from 0 10 to 0.40 PP!'lC. The 
cnaracterlstlc Inco~lng ozone IS typlcally fro!'l 0.030 - 0.060 pr~ (ref. 2). 
The sll1ulatlons were based upon an Inltlal ozone value of 0.050 ppm. 
Varlatlons of ozone concentratlon VTlth tIme for ~ lOur InItIal :lOx In-;:uts are 
snown In fIgure 2 (a, b, c, d), VTIth each fIgure representIng a dIfferent 
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lnltlal NMHC concentration. What appears to be a dlP in the ozone 
concentratlon at 1500 hours for all the curves lS the pOlnt in time at which 
mlxed layer dllutlons are no longer taken. For all of these slmulatlons, 
there lS an lnltlal decllne In ozone levels due to reactlon number 8. This 
decllne lS an lndlcatlon that an lnltlal ozone concentratlon of 0.050 ppm lS 
lncompatlble wlth lnltial NOx In the 0.020 - 0.050 ppm range and with 75 
percent of thlS NOx belng NO. Calculatlons wlth lnltial N02 taken to be 80 
percent of the lnltlal NOx showed no lnltlal decllne for any slmulation. 
The results of calculatlons wlth thls ratlo are presented In Appendlces A 
and B, wlth and wlthout mlxed layer rlse. 
The lowest NMHC case, flgure 2a, lndlcates that 0.100 ppmC does not 
represent sufflclent NMHC to dlscrlmlnate between varlOUS NOx levels; In 
fact, an unexpected lnverse trend between 03 and lnltial NOx lS dlsplayed. 
No doubt, part of the explanatlon of the lnverse trend lles in the 
establlshment of a conslstent 03/NO/N02 pattern, that lS, a mlxture that 
would not undergo a rapld change. The 0.200 ppmC NMHC case, flgure 2b, 
dlsplays a dlrect relatlonshlp between 03 and NOx after 2 hours of 
slmulatlon, except for the hlghest NOx levels. Flgure 2 (c and d), 0.300 
and 0.400 ppmC of NMHC, dlsplays a dlrect and lncreaslngly severe 
relatlonshlp between 03 and lnltlal NOx . Wlth NMHC greater than 0.200 
ppmC, NOx In the range 0.020 - 0.050 ppm produces the expectatlon of an 
afternoon oXldant eplsode ln the context of the model. 
Flgure 3 (a, b, c, d) lS a cross-plottlng of what was presented ln 
flgure 2. The dlfferent plots show the change In ozone concentratlon wlth 
tlme and varylng lnltlal NMHC concentratlon, wlth a dlfferent lnltlal NOx 
concentratlon for each plot. Except for the lowest NOx concentratlon, 
flgure 3a, and hlghest NMHC concentratlon (and then only after about 500 
mlnutes) for thls flgure, there lS a dlrect relatlonshlp between 03 and 
lnltlal NMHC concentratlon. An especlally severe relatlonshlp eXlsts at 
the hlghest NOx level, flgure 3d (0.050 ppm NOx ). 
Whlle an lnverse relatlonshlp can eXlst between 03 productlon and 
lnltlal NMHC and NOx concentratlon, the predomlnant relatlonshlp for the 
concentratlon range of the slmulatlon (~able I) lS a dlrect one. One 
could also lnqulre lf 03 productlon lS related to the NMHC/NO x ratlo and 
could observe lntable_I three cases ln WhlCh thlS ratlo lS 10.0. The 
correspondlng curves, however, In flgures 2 or 3 show no partlcular 
slgnlflcance for the ratlo of NMHC to NO x wlthln the range of concentratlons 
used In the slmulatlon. 
Travellng Alr Parcel Model 
USlng an lntermedlate case as a base, sources were added durlng the 
flrst 2 hours of slmulatlon as a representatlon of an alr parcel passlng 
over an urban area. The lntermedlate case conslsted of the followlng lnl-
tlal condltlons: NOx 0.030 ppm, NMHC 0.200 ppmC, and 03 0.050 ppm. These 
concentratlons are probably hlgh compared to normal background levels. 
Flgure 4 dlsplays the varlatlon of ozone concentratlon wlth tlme for a 
NMHC loadlng of 108.8 ~g m- 3 hr-l * and wlth the NO loadlng varylng from 
x 
* 1. 0 ppm (mole weight) k11? 
('r ,Kll - m3 
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5.44 to 21.8 ~g m-3 hr-l • Flgure 5 displays the varlatlon of ozone 
concentratlon wlth tlme for a NOx loadlng of 5.44 ug m-3 hr-l and wlth the 
NMHC loadlng varYlng from 54.4 to 217.6 ~g m-3 hr-l. A NMHC loadlng at the 
54.4 ~g m- 3 hr-l level lS consistent with the yearly reglonal loadlng of 
100,000 tons. The NOx loadlng was varied over a range of values to produce 
a change In ozone productlon. Any lncrease In NOx or NMHC over the lnltlal 
range of concentratlons produces an lncrease In photochemlcal oXldant over 
the prevlously calculated case wlth the exceptlon of the hlghest NMHC 
loadlngs of flgure 5. 
CONCLUDING REMARKS 
Computer predlctlons of ozone concentratlon for 10-hour photochemlcal 
slmulatlons, beglnnlng at 0800 l.d.t., have been calculated as a functlon of 
lnltial NOx and nonmethane hydrocarbon (NMHC) lnput concentratlolls. A 
contemporary chemlcal mechanlsm (lncludlng dlurnally varled rate 
coefflclents for SlX photochemlcal decomposltlons) and procedure (WhlCh 
speclfles, In part, an assumed constltutlon of NOx and NMHC) were used In 
these photochemlcal box-model calculatlons. The range of precursor 
speCles concentrations used In the slmulatlons (NOx varylng from 0.020 to 
0.050 ppm and NMHC varylng from 0.100 to 0.400 ppmC) lS generally thought 
to span that characterlstic of the Southeastern Vlrglnla reglon on a summer 
mornlng before an afternoon photochemlcal oXldant eplsode. Wlth the 
exceptlon of the lowest values for the NMHC, afternoon photoche~lcal 
oXldant concentrations greater than 0.010 ppm are predlcted by the model. 
All photochemical box-model calculatlons predlct a rlslng ozone level from 
mornlng to afternoon with the concentratlon varylng between 0.040 and 0.200 
ppm, WhlCh lS conslstent wlth observations In the Southeastern Vlrglnla 
reglon. It should be noted, however, that the present calculatlons present 
a worst case (hlghest ozone) sltuatlon Slnce the contemporary procedure 
assumes a lower dllutlon rate than lS probable. That the chamber produced 
chemlcal scheme Ylelds predlctlons conslstent wlth observatlons for such a 
crude model lends encouragement to the development of models wlth more 
SOphlstlcated meteorology and to the obtalnlng of more exact specles 
concentratlon data. 
Slnce the lnltlal lnput to the model, WhlCh beglns In the mornlng wlth 
rural alr, lS necessarlly aged alr wlth pollutant precursors generated the 
preVlOUS day, lt lS thought that the lnltlal NOx should be characterized by 
a hlgher proportlon of N02 than that used In the slmulatlon (N02 . NO = 1:3). 
The computer slmulatlon lS conslstent wlth thlS ldea as lS shown by the 
lnltlal decllne In ozone for all cases. However, peak ozone lS not affected 
slgnlflcantly by the lnltlal proportions of NOx ' As a corollary thought, 
Slnce n-butane lS less reactlve wlth oXldants In alr than propylene, the 
proportlon of propylene to n-butane, representlng the lnltlal lnput of NMHC 
to the model, should be lowered such that there lS a greater proportlon of 
n-butane In the representatlon of NMHC. ThlS would result In lowered ozone 
productlon Slnce the revlsed NMHC mlxture would be less reactlve. 
Slmulatlons wlth the Lagranglan (travellng alr parcel) model Yleld 
relatlvely hlgher ozone levels than those wlth photochemlcal box model 
Slnce they are, In effect, a coupllng of an lntermedlate box-model 
calculatlon wlth 2-hour source addltlons of NOx and NMHC. The mld-range of 
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the assumed in1t1al precursor concentrations has such a potent1al for oX1dant 
production that any addit10nal contr1bution of either NOx or NMHC would lead 
to slgn1f1cant 1ncreases in ozone. 
The 1n1tial NOx and NMHC concentrat1ons were represented in the 
calculat10ns by certain ratios of N02 to NO and propylene to n-butane, 
respect1vely, as were the source add1tions (though not necessarily by the 
same rat1os). It is felt that the use of these assumed rat10s can represent 
a slgn1f1cant source of error, w1th the use justified only by 1ts allow1ng 
calculat10n with 1nsuff1cient data; for example, hydrocarbon data are 
ava1lable only as methane and total hydrocarbon concentrations, not 
concentrations of 1nd1V1dual hydrocarbons. In V1ew of the development of 
detalled chem1cal mechanisms for the hydrocarbons, 1t is believed, along 
w1th others (see, for example, A. C. Lloyd, NASA RP 1022, pp. 278-279, 
1978) (ref. 13), that the requ1rement exists for much more deta1led air 
qual1ty data measurements. It lS also clearly eV1dent that other cr1tical 
1nputs are accurate solar 1nsolat1on, em1SS1ons 1nventory, and meteorolog1cal 
data. 
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APPENDIX A 
The changes 1n ozone concentration with time for various init1al NOx 
concentrat1ons are shown in this section. These calculat10ns were made 
assUID1ng a N02/NOx ratio of 0.80. This ratio of N02 to NOx d1d not 
produce the initial decline of ozone during the first few minutes of the 
slmulat1on. The 1mplication 18 that the orig1nal N02 to NOx ratio used 
was not con81stent with the in1t1al assumption of 0.050 ppm 03' 
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APPENDIX B 
The changes in ozone concentration wlth time for varlOUS lnitial NOx 
concentrations are shown in this section. These calculations were made 
assuming a N02/NOx ratio of 0.80; however, dilution from mixed layer 
height rlse was not included. Wlth no dilution, the levels of ozone 
concentratlon are hlgher than cases where the mlxing layer height was 
allowed to change. 
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